The basic objec ve of this research is to explore the contribu on of development of motorway networks to minimiza on of accident costs. Results of the study are based on Croa an experience. The possibility of a sta s cally nega ve correla on between grada on in the total motorway length and traffi c accident costs will be inves gated through observa on of varia ons in the total length of motorway and the number and type of accidents that occured. Diff erent scien fi c methods were applied in the research, including the method of induc on and deduc on, the method of abstrac on and the method of correla on and regression analysis. The resul ng knowlegde may be of help to traffi c authori es, both on micro and macro levels.
INTRODUCTION
Traffi c accidents are a major issue in transport policies around the world. For example, traffi c accidents reap more than 30 000 fatalities per year in the European Union. It is estimated that for each death on European roads, there are 4 permanently disabling injuries, such as damage to the brain or spinal cord, 8 serious injuries and 50 minor injuries [10] . The number of non-fatal accidents is much higher. There is an estimate of 1,2 million road traffi c deaths per year on world roads, and about 50 million injured [9] , most of them in developing countries. Over the past few decades, there has been a decrease in the number of traffi c accident casualties, in spite of the substantial increase in the transport volume [1] . Similar trends can be perceived in Croatia as well. Road fatalities in EU in 2012 have fallen by 63,1% since 1991, in Croatia by 51,49 %. Accidents involving personal injury have fallen by 25% in EU since 1991, in Croatia by 27,2% since 2001. Perhaps this relative increase in road safety is due to implementation of a broad range of safety enhancing measures in vehicles and infrastructure, and to better traffi c behaviour. Safety problems and the occurrence of accidents are a feature of transport, in particular of road transport. In European rail, air and water transport accidents in general occur less frequently than in road transport.
These accidents have an enormous cost. Since 2000, the length of motorway network in Croatia has increased three times. Accordingly, the fundamental premise of this study is that the enhancement of Croatian roads measured in length of motorway network has contributed to reduced number of traffi c accidents, their consequences and costs. Consequently, the task of this study is to determine the exact contribution of additional length of motorways to reduction of road accident costs in Croatia. This approach, however, by no means seeks to either diminish or jeopardize the Law on Road Traffi c Safety (2008) or the Croatian National Programme for Road Safety 2011-2020. (NN, 59/11).
The application of the method of abstraction, and an emphasis on road quality as the main factor in reduction of road accident costs, acknowledges the necessity of including these effects in discussion about total transport costs, or construction costs of modern motorways. Table 1 , based on Greene et al. [4] , provides a schematic outline of different types of cost involved in transport. Source: Based on Greene et al [4] Transport authorities on micro and macro levels are obliged to be acquainted with transport costs. However, not only do they need to have an insight in the amount of costs, but also in the cost function, which shows that costs vary in relation to various parameters [6] . More developed transport systems tend to have lower transport costs since they are more reliable, safer and able to cope with high frequency traffi c.
PROBLEM AND STATISTICAL DATA
The total external costs of transport in the EU plus Norway and Switzerland in 2008 amount to more than € 500 billion, or 4% of the total GDP. About 77% of the costs are caused by passenger transport and 23% by freight. Road transport modes have by far the largest share in these costs (93%). This can be explained by the large share of road transport in the overall transport output, as well as higher average external costs per passenger-km or tonne-km [3] . Accident costs, comprising both fatal and non-fatal damage costs, form an important part of external transport costs. In 2004, the estimated annual costs of traffi c injuries both direct and indirect in the EU-15 countries exceeded 180 billion € [8] . Real costs in terms of deaths, injuries and social and economic consequences far exceed these estimates. According to the lowest estimates of insurance experts and economic analysts, due to traffi c accidents, Croatia suffers a direct loss of social values in the amount of at least two percent of GDP, while indirect losses are manifold. The EU Directive 2008/96/EC on road safety requires Member States to carry out the calculation of average social accident costs (a+b+c). The costs (a+b+c) cover all social costs of the accident, with a representing the cost of death or injury to the exposed individual and b representing the cost for relatives and friends of the exposed individual. Parameter c represents the costs for the rest of society. This includes various direct and indirect economic costs and is assumed to be in the order of 10% of value of safety per se (i.e., of the value of life for a fatality).
Traffi c accidents cost greatly, it is a cost which depends on the numbers of fatalities and injuries, and there is also a monetary value which can be placed on human life and injury. Assessing this value is a controversial and sensitive issue. The EU Directive 2008/96/EC on road safety requires Member States to carry out the calculation of average social accident costs (cf. table 2). Great Britain 2170000 280300 22200
Source: [5] As seen in Table 2 , there is a signifi cant difference in average social accident costs between countries. These costs in Croatia are considerably lower than the EU average (cf. 
The immanent approach to development of road networks consists of phase one -investment in the length of the road network up to a certain, optimal level of development, followed by phase two -investment in the quality of the road network. Improvement in quality of the road network through increase of 1) the percentage of length of motorways in the total length of road network, 2) the length of motorways per 1000 km 2 , 3) the length of motorways per 1 million inhabitants, considerably affect traffi c safety and thus reduce external transport costs, notably accident costs. To prove this hypothesis in scientifi c terms and to investigate and elaborate on Croatian experience in the period between 2000 and 2012, the following statistical data were used as a starting point (cf. Table 4 ). Source: prepared by the author from [2] This 12-year period was chosen specifi cally because Croatian transport policy since 1999 has been exclusively focused on infrastructure [7] . Namely, the length of motorways in 2012 increased 3,28 times compared to 1999, while in the same period, the number of traffi c accidents was almost two times lower.
RESEARCH RESULTS AND DISCUSSION
Using statistical data from Table 4 , Pearson's coeffi cient of correlation has been calculated to determine if there is a correlation between the number and type of accidents and the length of motorways (cf. Table 5 ). As seen in Table 5 , it is clear that there is a statistically signifi cant negative correlation between the length of motorways measured in kilometres and the number of accidents (r=-0,92; p < 0,05), between the length of motorways and the number of fatal accidents (r=-0,77; p < 0,05), between the length of motorways and the number of severe injury accidents (r=-0,83; p < 0,05), between the length of motorways and the number of slight injury accidents (r=-0,64; p < 0,05).
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The method of correlation analysis indisputably established a strong negative correlation between the number and type of traffi c accidents and the length of motorways measured by number of constructed kilometres, so what follows is an investigation of connection between social accident costs and the length of motorways. In order to do that, and to set an appropriate econometric model for Croatia, accident costs were derived from average data for certain types of accidents from Table 2 , ie average cost of accidents resulting in fatalities was 1,333,000 €, average cost for serious injuries 173,000 € and for minor injuries 13,000 € (cf. Table 6 ). When total average accident costs in this period are considered, signifi cant oscillations with prominent tendency of decrease could be observed (M=1,72 billion €; SD=0,261 billion €; min= 1,22 billion €, max=2,06 billion €). After conducting correlation analysis (cf. 
Where: X -independent variable -length of motorways (LM), Y -dependent variable -average social accident costs (SAC), u -deviation from the functional relation, a, b -parameters.
In assessing the value of parameters in function (1) the method of regression analysis was applied, while the numerical computation was performed by Statistica software (cf. Table 7 ). 
Results of regression analysis (cf . Table 7) indicate that there is a statistically signifi cant correlation between total average social accident costs and the length of motorways (R=0,79; F(1,11=18,867; p<0,01). Correlation between the total average social accident costs and the length of motorways is negative, indicating that the decrease in social accident costs is linked with an increase in the length of motorways. An increase in the length of motorways of 1 km leads to decrease in social accident costs about 673 368,8 € in the fi rst year (B=-673368,8; SE=155,027; p<0,01). Decrease in social accident costs with 79% of variance can be explained by the length of motorways.
Chart 3 shows a comparison between the actual and model predicted values of the dependent variable. Chart 3 also shows a satisfactory adaptation of the model to the real data. 
CONCLUSION
Problems of safety and the occurrence of accidents is a feature of traffi c, particularly of road traffi c. One of consequences of these accidents is an immense cost, a cost which depends on the numbers of fatalities and injuries and the monetary value which can be placed on human life or injury. Economic damages from road traffi c accidents are estimated in hundreds of millions of euros, noting that more developed transport systems tend to have lower transport costs. This study has proven the statistically signifi cant negative correlation between social accident costs and the length of motorway network in Croatia over the last decade. The conducted regression analysis has confi rmed that a newly constructed kilometer of a motorway results in decrease of social accident costs in the amount of 673 688 €.
